Generation of functional cardiomyocytes from mouse induced pluripotent stem cells.
Induced pluripotent stem (iPS) cells allow derivation of autologous differentiated cells for cell therapy. The purpose of this study was to compare the cardiac differentiation potential of mouse iPS cells with embryonic stem (ES) cells and demonstrate that they could produce functional cardiomyocytes. iPS cells were prepared from mouse embryonic fibroblasts by lentiviral mediated expression of four transcription factors (Oct4/Sox2/Klf4/C-myc). To induce cardiac cell differentiation, iPS-S-6 or D3-ES cells were induced to form embryoid bodies (EBs) using a two-medium culture protocol, then plated onto gelatin-coated plates and maintained in DMEM. Following classification of the generation periods of contracting EBs into early (d8-d11), middle (d12-d15) and late (d16-20), iPS cells in the early period exhibited characteristics similar to ES cells. In iPS cells from the middle period group, the ratio of contracting EBs was significantly increased compared to ES cells, and the difference persisted in cells from the late period group (p<0.05). The percentage of contracting EBs formed from iPS and ES cells were 44.8% and 33.3%, respectively. In addition, iPS cell-derived cardiomyocytes exhibited mRNA expression of cardiac mesoderm markers such as GATA4 and NKX2.5, and cardiomyocyte markers such as α1s, α1c, α-MHC, β-MHC, Cx40, TnI, TnT, ANF and Hey2. Single cardiomyocytes exhibited typical cross-striated myofibrillar organization, and electrophysiological studies revealed functional cardiac-specific voltage-gated Na(+), Ca(2+) and K(+) channels. These results demonstrate that functional cardiomyocytes can be generated from iPS cells, and suggest that these cells may be useful for the treatment of cardiovascular disease.